A method is presented for quickly acquiring the equivalent terminal common-mode impedance of cables. Firstly, the parallel cables are treated as equivalent multi-conductor transmission line. Using vector network analyzer (VNA) and current probe to measure voltage reflection coefficients at two locations of each cable. Then a nonlinear equation about terminal equivalent impedance is constructed. By solving the nonlinear equations, broadband terminal equivalent impedance for each cable can be acquired. Compared with existing methods, the efficiency of this method is improved significantly. Furthermore, the precision is improved in that this method including the coupling effect between cables. This method helpful to the EMC test and fault diagnosis.
Introduction
The cables connecting the electronic equipment are important coupling path for electromagnetic interference. In order to predict, analyze and solve EMC problems, it is necessary to obtain the common mode input impedance of the cable terminal equipment in a wide frequency band.
In [1] - [3] , special circuits are installed into the system to measure impedance. The advantage of these methods is that the accuracy is high. The main shortcoming is that the circuit or instrument will affect the integrity of the system.
In [4] - [7] , the current probes are used to measure the impedance of the cable terminals. The advantage of the methods are that the integrity of the system is not affected, and the measurement is simple and convenient. The disadvantage is that the accuracy is affected by the uncertainty of measurement.
For system with cables, the terminal equivalent impedance of each cable is tested one by one by the methods in [1] - [7] . This is not only time consuming, but also does not reflect mutual coupling effect between cables. Therefore, a method is presented for efficiently measuring the common mode equivalent impedance of cable terminal in the paper. Firstly, each multicore cable is equivalent to a single conductor. Then the vector network analyzer and current probe is used to measure the voltage reflection coefficient respectively at two optional locations of each cable. Finally, the equations about equivalent impedances are constructed. The proposed method significantly improves the efficiency of terminal impedance test. On the other hand, the measurement accuracy is improved due to the effects of mutual coupling between the cable is introduced.
The Equivalent Conductor for a Single Cable
As shown in Figure 2, The inductance of unit length between the conductor i and the ground plane, denoted as l ii , is [9] : 2 0 ln 2
The unit length mutual inductance between conductor A and conductor B is:
Assuming that there is current 
Substitute (4) into (3), we get:
Since the radius of each conductor in a common multi-core cable is equal, and the distance between conductors is much less than the height of the cable, (5) can be simplified as According to (1) 
There is the relation of 0 lc   for multi conductor transmission line, where l and c is the inductance and the capacitance between the conductor and the ground plane respectively. Therefore, if the equivalent conductors have the same inductance as the cable, they have the same common mode impedance [9] .
The Equivalent Conductors for two Parallel Multi-core Cables
On the basis of the equivalent of a single conductor on each cable, the mutual coupling between two parallel cables should be the same as the two equivalent conductors. Set the axes of two parallel multi-core cable 1 B and 2 B have the height Since the distance between the cables is much greater than the distance between the conductors in each of the cables, substitute the formula (10) into equation (9), we get: of the equivalent conductor, the equivalent circuit of the current probe and the measured conductor should be established. The equivalent circuit of the current probe and the conductor in Figure 4 is shown in Figure 5 . 
where,  can be achieved by the Calibration method of current probe [10] . According to (12), we get:
Similarly, the input impedance of conductor i at isR x is presented as follow:
For the three conductors, repeatedly use (13) and (14) 
In ( 
Calculating the Terminal Impedance
As shown in Figure 6 , if the frequency of the injected signal with current probe is 
In (21) 
is the tangent matrix of phase difference between the observation point and the terminal, which are given by:
The input impedance matrix
If km  , return to step. Otherwise, end loops.
The Experimental Results
Without loss of generality, set . According to CS114, 520 frequencies were selected 30MHz -400MHz . According to part 2, six groups of voltage reflection coefficients were acquired. According to part 3, two terminal impedance matrix of 3 line by 520 columns were obtained. In figure 7 (a)-12 (a), six terminal impedances obtained by the proposed method in this paper are shown.
In figure 7 (b)-12 (b), the relative errors between the value obtained by the proposed method and measured by an impedance analyzer are given. As shown in these figures, the relative error is less than 5%, which is far below the uncertainty of the measurement. 
Conclusion
According to the method proposed in this paper, the equivalent common mode impedance of the cable terminals can be tested quickly. The relative error between the values obtained by the proposed method and by direct measurement with impedance analyzer are less than 10% at most of frequencies. Therefore, this method can meet the precision needed by electromagnetic compatibility engineering. By the method in this paper, the equivalent common mode impedance can be obtained efficiently, which is helpful for the system level EMC testing and troubleshooting.
